This paper is a portion of a M.S. Thesis submitted by T. Maughan. ˚C night. However, leaves exposed to -5 ˚C for one night had a net CO 2 assimilation rate 28 that was 49% of the control. When leaves were first exposed to a conditioning night of -3
assimilation were evaluated on 'Chandler', 'Seascape' and 'Jewel' strawberry (Fragaria 23 × ananassa). Growth chambers were used to expose plants to freezing temperatures 24 under carefully defined conditions. Net assimilation was then measured on the cold-25 exposed leaves, after the plants had been returned to 10 ˚C. Exposure to -3 ˚C did not 26 significantly reduce CO 2 assimilation when compared to plants maintained at 10 ˚C d/5 27 ˚C night. However, leaves exposed to -5 ˚C for one night had a net CO 2 assimilation rate 28 that was 49% of the control. When leaves were first exposed to a conditioning night of -3
29
˚C and then exposed to -5 ˚C the net assimilation rate was 62% of the untreated control.
30
Repeated exposure to -5 or -7 ˚C night temperatures resulted in a further decrease in net 31 assimilation after each successive exposure. Leaves exposed to -7 ˚C for one night had a 32 net assimilation rate of 6% of the control. Leaves exposed to -5 ˚C or -7 ˚C did not show 33 any recovery over a 28-d monitoring period. There was no significant difference among 34 cultivars in the sensitivity of leaves to cold temperatures. These results indicate that 35 protected cultivation systems should be managed to maintain strawberry leaf 36 temperatures above -5 ˚C in order to preserve full photosynthetic activity of existing 37 leaves which would extend the growing season of the crop.
Introduction

43
Strawberries are produced in areas ranging from mild maritime to severe 44 temperate continental climates. The plants are remarkably adaptable to a wide range of 45 conditions and growing systems (Darrow, 1966) . Despite this adaptability, temperature is 46 a major limiting factor in production. Plant growth responds predictably to temperature.
47
For strawberry, baseline temperature for growth is just above freezing (Galletta and 48 Himmelrick, 1990) , with growth rates increasing with temperature to an optimum of 20 49 to 26 ˚C (Darrow, 1966 Warmund, 1993) and killed at about -12 ˚C when acclimated, with some 59 variation by cultivar (Darrow, 1966) . Once inflorescences begin to expand in the spring, 60 floral organs are susceptible to damage at -1 ˚C (Hummel and Moore, 1997; Maas, 1998 will provide guidelines in employing and managing these protected-cultivation strategies.
83
In this study we investigated the effect of cold temperature exposure on leaf injury and 84 subsequent recovery, as determined by photosynthetic activity. 
Results
161
3.1 Temperature step-down. Strawberry leaves were exposed to incrementally lower 162 temperatures for five consecutive nights, with A measured the day after each exposure.
163
Plants exposed to -3 °C for 4 h had A rates that were not significantly different from 164 control plants. As plants were exposed to colder temperatures, there was a significant 165 reduction in A with each successively colder temperature (Fig. 1) . of -5 °C in the repeat freeze experiment showed lower leaf A than plants first exposed to -183 3 °C, then exposed to -5 °C the following night as seen in the step-down experiment.
184
Expressed as a percent of the untreated control, A was 49% after a single night exposure 185 to -5 °C, compared to 89% of control after -3°C and then -5 °C (Fig. 1) . Similarly, A was 186 reduced more by one night of -7 °C (A; 6% of control) than when exposed to -7 °C (A;
187
62% of control) in the step-down study. These results suggest that previous exposure to 188 sub-zero temperatures improves subsequent cold temperature tolerance.
189
To test this hypothesis, plants were exposed to a single night of -3°C followed by (Fig. 2) . 
Conclusion
299
In conclusion, leaves exposed to -3 °C for 4 h did not experience a significant reduction 300 in net CO 2 assimilation. Regression analysis indicated the LT 50 was between -5 and -6 °C 301 for all cultivars tested (Fig. 1) , with 'Chandler', 'Seascape' and 'Jewel' being -5.80 °C, - 
